Computer techniques were applied to the study of 71 isolates of branching or diphtheroid bacteria from human and bovine sources. Features including morphological and colonial characteristics, nutritional and environmental growth requirements, fermentative abilities and end-products and cell-wall composition were used to determine the relationships between these organisms. The features were determined with aerobic or anaerobic growth conditions or both, according to the nature of the individual bacteria. Relationships between facultatively anaerobic micro-organisms were very similar whether the features were determined aerobically or anaerobically ; some apparently close relationships were shown between preferentially aerobic and preferentially anaerobic bacteria when they were compared with facultatively anaerobic micro-organisms.
INTRODUCTION
In the study of actinomycosis there have been many disagreements about the nomenclature and tLxonomy of the bacteria involved and the identity or otherwise of strains of human and animal origin. The identification and naming of bacteria of this general description found in dental plaques and in carious cavities, has been even more controversial. Part of these difficulties has been due to the changing state of knowledge over the years and part to the varied emphasis placed on certain characteristics as taxonomic criteria by individual taxonomists. The historical background to these problems may be deduced from the monograph by Buchanan (1925) and is dealt with in greater detail elsewhere (Melville, 1964) . A wide selection of organisms must be chosen for a classification by overall similarity so that boundary lines are not predetermined, but there are practical limits to the numbers of isolates which can be dealt with at the one time. The present investigation has been confined to parasitic or pathogenic branching or diphtheroid organisms from the human oral cavity with some bovine oral strains for comparative purposes. It must be borne in mind that all taxonomic conclusions drawn are subject to the proviso that this group of organisms was selected by oral origin.
METHODS
Organism. The 71 isolates used in this study are listed in Table 1 with their source and the name under which they were received.
Features. Each of the isolates was characterized by using the following criteria: colonial and cellular morphology of well isolated 5-day colonies grown at 37" on brain heart agar plates; microcolony formation examined as soon as growth was evident ; cell wall composition (Cummins & Harris, 1956) ; ability to grow on certain media, in the presence of various inhibitory factors and under various environmental conditions ( Table 2) ; biochemical features (Table 8) . Full details of the methods used are given elsewhere (Melville, 1964) . The characters of the organisms compared in overall similarity studies are phenetic, the results of testing the organisms under set conditions. When features were studied in liquid or semi-solid media the aerobes and anaerobes could grow and demonstrate their characteristics at the appropriate site in the bottle. Cultures on solid media were grown aerobically, or anaerobically in nitrogen+ 5 yo (v/v) CO,.
These tests were duplicated for organisms capable of good growth both aerobically and anaerobically.
Certain of the features observed proved to be of no differential value and did not contribute to the computation of the relationships of the organisms. Thus all the organisms were sensitive to all the antibiotics a t the concentration tested; none fermented dulcitol, produced lecithinase, decarboxylated any of the amino acids, produced acetoin or acetic acid in detectable amounts by the methods used to analyse the products of glucose fermentation, hydrolysed coagulated serum, utilized paraffins or grew with inorganic nitrogen as sole nitrogen source. 
RESULTS

1.
Forty-seven of the 71 isolates studied fell into two phenons A and B, each was composed of very similar organisms or of organisms more like the organisms in these two phenons than any others in the series. 
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Roman figures indicate similarity aerobically, while italics indicate similarity anaerobically.
Phenon A contained 24 isolates each of which showed a mean similarity value (MSV) to all the other isolates in the phenon in the range 83-88 yo aerobic (based on analysis using aerobic results) and 82-87 yo anaerobic (based on anaerobic tests).
All these organisms grew to some extent under aerobic and anaerobic conditions but one grew too weakly aerobically and three anaerobically to be put through the full series of tests under these conditions. Phenon B contained 11 isolates with a MSV between 82 and 84% (anaerobic tests). Only two grew aerobically to any degree with a high similarity to each other of nearly 94 yo.
A further 12 isolates were more closely related to phenons A and B than to any others established, but the similarity was less close. Phenons A and B showed a mean interphenon similarity value (MIS) of all the organisms in one phenon to all the organisms in the other of 75% (anaerobic tests).
2. Four isolates formed phenon C and each showed a MSV between 83439%
(aerobic) and 83-87 % (anaerobic). All grew well both aerobically and anaerobically.
Seven isolates formed phenon D and each showed a MSV between 8 0 -8 8~0
(aerobic) and 75-80 yo (anaerobic) . One isolate grew poorly anaerobically and was not included in this series; the whole group was preferentially aerobic. Two other aerobic strains were less closely related to this phenon but were more like these than other organisms in the series.
4.
Two small groups of 4 and 3 isolates formed phenons E 1 and E 2, respectively; these phenons showed a MIS of 75 yo (aerobic) . The organisms in E 1 showed a MSV of 81-85% (aerobic) and of 82% (anaerobic); those in E 2 showed a MSV of 82-84 yo (aerobic) but only one isolate was suitable for anaerobic testing. Two other isolates were more like isolates in E l than the others investigated, 5. Two isolates were completely unplaced and showed low similarity values to all groups; one of these was unidentified, the other was an oral lactobacillus included for comparison.
DISCUSSION
Although similarity values have no absolute correlation with taxonomic rank the phenons suggested by overall similarity values may be compared with previous results arrived at by more classical methods of taxonomy. Phenons A and B and the organisms similar to, but not included in, these phenons appear to correspond to the genus Actinomyces. Within this genus, phenon A conforms to the description of A . naeslundii as expanded by Howell, Murphy, Paul & Stephan (1959) except that some strains grew more easily under aerobic conditions and, especially under these conditions, produced catalase. Three strains kindly supplied by Dr A. Howell did in fact fall into this phenon.
Phenon B conforms in general to the description of Actinomyces bovis and contains several isolates described by Pine, Howell & Watson (1960) . Two strains of A. odontolyticus isolated by Batty (1958) also fell in this phenon; this supports the close relationship of A . ohtolyticus to A . bovis suggested by Batty on the grounds of similarity of life cycle. It may be an indication that there is insufficient justification for the establishment of A. odontolyticus as a separate species, but it should be borne in mind that only two strains of these organisms were included and that they were the only isolates in the phenon which grew well aerobically.
The organisms similar to, but not included in, phenons A and B include all the strains which showed the typical description of Actinomyces israelii including the cell-wall composition described by Cummins & Harris (1958), the strain isolated by Buchanan & Pine (1962) and named A. propionicus and various isolates not very different from the organisms in phenons A and B.
The other phenons derived from the analysis of similarities each contained very few isolates. Phenon C corresponds to the whip-handle type of Leptotrichia which was named Leptotrichia h t i u m by Davis & Baird-Parker (1959) and Bacterionema mutruchotii by Gilmour, Howell & Bibby (1961). The present work does not help directly to settle this controversy since the other main oral Leptotrichia (L. buccalis) was not included in the survey. The phenon is however more closely related to phenons D, E l and E 2 than it is to the genus Actinomyces, while all four isolates in the phenon showed very low similarity values to the lactobacillus included for comparison. This would suggest that the whip-handle type should be placed more nearly with the nocardias or corynebacteria than with the actinomyces and that it bears little similarity to L. buccalis if the contention of Richardson & Schmidt (1959) that L. buccalis should be placed near to the genus Lactobacillus is correct. Phenon D corresponds to, and includes specimens of, the isolates named by Davis & Freer (1960) as Nocardia salivae and which differ from typical nocardias in cell-wall composition. No nocardias from other sources were included in the analysis so that the position of N. salivae in this genus is neither confirmed or disputed. Phenons E 1 and E 2 are as closely related as are phenons A and B and from the general properties of the organisms included in them may well be members of the genus Corynebacteriurn; the number of isolates studied was insufficient to allow further comment particularly in view of the complexity of overall similarity analysis of this group shown by Moore & Davis (1968) .
In general the phenons established are too small to allow conclusions to be drawn from a detailed study of the properties of the individual isolates in each group. It is of interest that the facultative isolates fell into the same groups whether their features were determined aerobically or anaerobically, and that certain organisms which were preferentially aerobic or anaerobic appeared in the same group due to their similarity to facultative strains. The experimental evidence also supported the view of Roth & Thurn (1962) that catalase production is adaptive rather than constitutive and indicated that production of this enzyme should not, on its own, be sufficient ground for removing an organism from the genus Actirtomyces; certainly some micro-organisms placed in phenon A are capable of producing catalase.
